The behavior of self-organizing granular medium in its own gravitational field is considered. The study is led within an approach proposing the existence of only three types of mesoscopic states in the material: so named hydrostatic, columnar and arched mesoscopic states. The results of this study are not obvious. Indeed, in the center of granular gravitating ball, as it turns out, pressure may be absent, though it is well-known that the pressure in either non-compressible liquid or solid linear-elastic medium is maximal. Such an uncommon stress state takes place at the arched mesoscopic state. Using the Mohr-Coulomb condition has given that the arched state can embody when sinus of internal friction's angle increases up to the threshold value 1/3. At the hydrostatic mesoscopic state granular medium is like a liquid. The study also has shown the transition between hydrostatic and non-hydrostatic stress states being sharp in granular gravitating ball that opposes the known results of the linear theory of elasticity. At the columnar mesoscopic state any gravitating granular ball cannot be.
Introduction
If a certain planet was composed of non-cohesive granular material, it should behave in unexpected ways.
Granular medium possesses a series of remarkable properties. A part of them makes it similar to other basic classes of substance: solids, liquids and gases. And the other part, including various self-organization phenomena, is unique. Today much of the latter is reflected in the concept of granular chains [1, 2] .
Previously a continuum model of non-cohesive granular media taking into account their ability to compressing and self-organizing was suggested [3] [4] [5] [6] [7] . The model works well in wide range of materials and loads. It describes adequately both natural porous materials with hydrostatic stress state in the Earth's gravitational field [3] , and nanopowders with non-hydrostatic stress state in cylindrical tubes under superficial radial load [4] . The model results have agreed well with the in situ measurements on carbonate rocks down to 5500 m and on snow banks to 10 m thick, and the laboratory measurements on nano-sized powders in capsules of 0.015 m under the GPa order pressure. These arguments allow hoping that the predictions about self-organizing granular body in its own gravitational field will be confirmed too.
A theme of finding stress state for gravitating ball is sufficiently traditional for various branches of mechanics and physics. So, it has solved within the classical elastic theory in displacements [8, 9] . It has solved for a perfect Pascal fluid in 4D space-time [10] . And also it has already solved within the suggested model for weak-compressible granular medium at hydrostatic stress state [6] .
One of the initial model's hypotheses is the assumption of existence possibility in granular medium only three types of mesoscopic state, called hydrostatic, columnar and arched ones. At the hydrostatic mesoscopic state there is no an order. Two types of order are embodied by the columnar and arched states. These ordered states may be discussed using the terms of granular chains by the following way: At the columnar state the most chains act as columns bearing the longitudinal compressing load; at the arched state the most chains act as arches bearing the lateral straightening load. It is obvious that the granular chains acting by such a way can be stable only at presence of friction between the granules composing them. The choice of a mesoscopic state's type seems to be embodied by self-organization process whose attractors are still not fully understood.
One of the most important constitutive relations deduced from the hypotheses is linear coupling of the stress tensor principal components' values, which possesses at spherical symmetry the form For the mesoscopic factor the spectrum of values has been deduced [7] . The following values characterize in 3D space columnar, hydrostatic and arched mesoscopic states, respectively:
besides, of course, at the hydrostatic state . In 2D space the spectrum, analogical to spectrum (2) , is
The Problem Statement
Within the model represented we find the stress state 
We take the assumptions being usual for granular media's continual mechanics at similar problems statement:
1) The medium is non-compressible;
2) The Mohr-Coulomb limiting yield condition is valid:
where - the angle of internal friction, 0
The stresses as functions of the radius have no breaks. It is true the following differential equilibrium equation written in stresses for gravitating ball of non-compressible material, or of material with heterogenic density distribution, according to the Newtonian potential theory [8, 9] :
where - the universal gravitational constant,  is the density. So, the problem is to find the functions
 , satisfying both the system (1), (4) with boundary condition (3) and the Mohr-Coulomb condition. Moreover, in such a way we must iterate through all types of mesoscopic state.
The Mohr-Coulomb condition and the boundary condition for radial stress (3) determine also the boundary condition for circumferential stress:
From here the value of additive parameter of Formula (1) follows: ady predicated a similar effect of reducing the stresses toward the center for arched granular ball under only superficial radial load [5] . Now we consider the stress distribution over the thickness of granular plan to Equation (4) we have:
The integral of the obtained equatio g the boundary condition (3), is expressed through elementary fu n, satisfyin nctions: 2 2 4π ln
And, owing to coupling (8), According to the Mohr-Coulomb condition, arched state can embody only at sufficiently high internal friction:
, or sin 1 3
Transition between Hydrostatic and Arched States


We can see from result (11) that at  arcsin 1 3   the both mesoscopic states, hydrostatic and arched, are allowed. So the question arises: to what type of mesoscopic state the self-organization process is to direct? A similar question has been just studied within the suggested model when considering compressible granular ball under superficial load [5] . And the proposition has been done that the attractor of self-organizing is minimization of the external forces mechanical work. Calculation of the work at two the mesoscopic states has given that its value at arched state is less than at hydrostatic.
As mentioned above, today the self-organization attractors in granular medium are not still fully understood. But in any case, if arched type of mesoscopic state was more profitable than hydrostatic one for gravitating granular ball, then at achieving the internal friction's angle up to the value of   arcsin 1 3 the pressure exressed with Equation (6) all of granular material at one hand and of linear-elastic material at another. Because according to the linear theory of elasticity, such a transition in gravitating ball goes smoothly with changing the Poisson coefficient [8, 9] . Going in granular ball sharply, such a transition between two mesoscopic states and two stress states, being undoubtedly a phase one, can be named as the 2nd mystery of granular planet.
Presence of this sharp inter-state transition is caused with the accepted assumption of stresses as functions of e radius having no breaks. Due to this assumption granular planet's stresses change at   arcsin 1 3   by a jump and do not depend on internal friction at other values of  . If we refused the ass ight propose existence possibility of a complex stress state with two domains of two different mesoscopic and stress states; and the size of a spherical board between these domains would smoothly change during changing umption, we m
